22. The method of Claim 2 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. 

23 . A method of detecting nuclfeic acid having at least two portions comprising: 
providing a substrate havingla first type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides attiched thereto, the oligonucleotides having a 
sequence complementary to a first portion of the sequence of a nucleic acid to be detected; 

contacting said nucleic acid with the nanoparticles attached to the substrate 
under conditions effective to allow hybridization of the oligonucleotides on the nanoparticles 
with said nucleic acid; 

providing a second type of nairop3lticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequence qomplqnentary to one or more other portions 
of the sequence of said nucleic acid; 

contacting said nucleic acicft pound ItaJherSSubstrate with the second type of 
nanoparticles under conditions effective to allow hybridization of the oligonucleotides on the 
second type of nanoparticles with said nucle^ 

observing a detectable change. 

24. The method of Claim 23 wherein the Substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 



25. A method of detecting nucleic acid havinfi at least two portions comprising: 
providing a substrate having a first type of rianoparticles attached thereto, the 
nanoparticles having oligonucleotides attached thereto, tthe oligonucleotides having a 
sequence complementary to a first portion of the sequence of a nucleic acid to be detected; 
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contacting said nucleic acid with the nanoparticles attached to the substrate 
under conditions effective to allow hybridisation of the oligonucleotides on the nanoparticles 
with said nucleic acid; 

providing a second type of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequenqp complementary to one or more other portions 
of the sequence of said nucleic acid; 

contacting said nucleic acid bcbnd to the substrate with the second type of 
nanoparticles under conditions effective to allow hybridization of the oligonucleotides on the 
second type of nanoparticles with said nucleic acid; 

providing a binding oligonucleotide having a selected sequence having at least 
two portions, the first portion being complementary to at least a portion of the sequence of 
the oligonucleotides on the second type of nanoparticles; 

contacting the binding oligonucleotide with the second type of nanoparticles 
bound to the substrate under conditions effecth^to^|low hybridization of the binding 
oligonucleotide to the oligonucleotides on the ^anpparticlps; 



providing a third type of nancpa 
thereto, the oligonucleotides having a sequence^ 
portion of the binding oligonucleotide; 

contacting the third type of nano, 
bound to the substrate under conditions effective td allow hybridization of the binding 
oligonucleotide to the oligonucleotides on the nanoparticles; and 

observing a detectable change. 



^oligonucleotides attached 
r to the sequence of a second 

the binding oligonucleotide 



26. The method of Claim 25 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 



27. 



A method of detecting nucleic acid having at le; 
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contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; \ 

contacting said nucleic acid\ bound to the substrate with a first type of 
nanoparticles having one or more types of oligonucleotides attached thereto, at least one of 
the types of oligonucleotides having a sequence complementary to a second portion of the 
sequence of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with said nucleic acid; 

contacting the first type of nanoparticles bound to the substrate with a second 
type of nanoparticles having oligonucleotides attacJied4hereto, the oligonucleotides on the 
second type of nanoparticles having a sequenc^omplemeuitary to at least a portion of the 
sequence of one of the types of oligonucleotides on the mrst type of nanoparticles, the 
contacting taking place under conditions ^ffectweto-n^llow hybridization of the 
oligonucleotides on the first and second types apr^noparticles; and 

observing a detectable change. \ \ \ 

28. The method of Claim 27 wherein the first typeW nanoparticles has only one type 
of oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to the second portion of the sequence of said nucleic acidWid to at least a portion of the 
sequence of the oligonucleotides on the second type of nanoparticles. 

29. The method of Claim 28 further comprising contacting the second type of 
nanoparticles bound to the substrate with the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles. I 



152 




4149-1-1-1.1 



30. The method of Claimu7 wherein the first type of nanoparticles has at least two 
types of oligonucleotides attached thereto, the first type of oligonucleotides having a 
sequence complementary to the second portion of the sequence of said nucleic acid, and the 
second type of oligonucleotides having a sequence complementary to the sequence of at least 
a portion of the oligonucleotides on the second type of nanoparticles. 

31. The method of Claim 30Vurther comprising contacting the second type of 
nanoparticles bound to the substrate with Ihe first type of nanoparticles, the contacting taking 
place under conditions effective to allowpybridization of the oligonucleotides on the first 
and second types of nanoparticles. 



32. The method of Claim 27 
oligonucleotides attached to it in an arra> 
a single nucleic acid, the detection of 



rein thevsubstrate has a plurality of types of 
to allow for the detection of multiple portions of 
tiple differept-Weleic acids, or both. 



33 . The method of any one of C^ims ^3-32 whe\ein the substrate is a transparent 
substrate or an opaque white substrate. 

34. The method of Claim 33 wherein the\letectable change is the formation of 
dark areas on the substrate. 



35. The method of any one of Claims 23-32 wherein the nanoparticles are made 



of gold. 



36. The method of any one of Claims 23-32 where\n the substrate is contacted 
with silver stain to produce the detectable change. 
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37. The method of any one of Claims 23-32 wherein the detectable change is 
observed with an optical scanner. 



38. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; 

contacting said nucleic acid bound to the substrate with a type of 
nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a second portion of the Sequence of said nucleic acid, the 
contacting taking place under conditions effective^ to allow hybridization of the 
oligonucleotides on the nanoparticles with said nucleicitci^ 



contacting the substrate with silver stai 
observing the detectable change. 

39. The method of Claim 38 wherein the na 



tdprodufce a detectable change; and 



)artiqes are Wade of a noble metal. 



40. The method of Claim 39 wherein the nanoparticles are made of gold or silver. 

41. The method of Claim 38 wherein the substrate Aas a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic adids, or both. 



42. The method of any one of Claims 38-41 wherein tl\e detectable change is 
observed with an optical scanner. 
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43. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleic! acid to be detected with a substrate having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of saifl nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; \ 

contacting said nucleic acia bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
effective to allow hybridization of the oligonucleotides on the liposomes with said nucleic 
acid; I 

contacting the liposomes bound to the substrate with a first type of 
nanoparticles having at least a first type oligonucleotides attached thereto, the first type of 
oligonucleotides having a hydrophobic gro^Wttached to the end not attached to the 
nanoparticles, the contacting taking place undenconditions effective to allow attachment of 
the oligonucleotides on the nanoparticlea to tne liposomes, as a result of hydrophobic 
interactions; and \ 

observing a detectable change 

44. A method of detecting nucleic acid haying at least two portions comprising 
contacting a nucleic acid to be detected with a substrate having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; \ 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
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effective to allow hybridization of the oligonucleotides on the liposomes with said nucleic 
acid; 

contacting the liposomes bound to the substrate with a first type of 
nanoparticles having at least a first type oligonucleotides attached thereto, the first type of 
oligonucleotides having a hydrophobic grouA attached to the end not attached to the 
nanoparticles, the contacting taking place under conditions effective to allow attachment of 
the oligonucleotides on the nanoparticles to the^ liposomes as a result of hydrophobic 
interactions; 

contacting the first type ofnanoparticLs bound to the liposomes withasecond 
type of nanoparticles having oligonucleotides attachWiereto, 

me firet type of nanoparticles^^ 
attached thereto which have a sequence complementary; to at leas\a portion of the sequence 
of the oligonucleotides on the second type of narit partidles, 

the oligonucleotides on thi x^rtype of Vxanoparticles having a 
sequence complementary to at least a portion If the sequence \f the second type of 
oligonucleotides on the first type of nanoparticles, 

the contacting taking place under Iconditions effective to allow 
hybridization of the oligonucleotides on the first and secondytypes of nanoparticles; and 
observing a detectable change. 



45. The method of Claim 43 or 44 wherein the substrate\has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detectic\ of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

46. The method of Claim 43 or 44 wherein the nanoparticl\s are made of gold. 



47. The method of Claim 43 or 44 wherein the substrate is con>cted with silver 
stain to produce the detectable change. 
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48. The method of any one of Claims 43 or 44 wherein the detectable change is 
observed with an optical scanner. \ 

49. A method of detecting nucleic acid having at least two portions comprising: 
providing a substrate having a first type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a first portion of the sequence of a nucleic acid to be detected; 

contacting said nucleic acid with the nanoparticles attached to the substrate 
under conditions effective to allow hybridization of the oligonucleotides on the nanoparticles 
with said nucleic acid; \ 

providing an aggregate probe comprising at least two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization ofisome of the oligonucleotides attached 
to them, at least one of the types of nanopaftidles ot\the aggregate probe having 
oligonucleotides attached thereto which have a sequence complementary to a second portion 
of the sequence of said nucleic acid; \ \ ^ 

contacting said nucleic acid bouiAhtT^substrate With the aggregate probe 
under conditions effective to allow hybridization, of the\oligonucleqtides on the aggregate 
probe with said nucleic acid; and \ 

observing a detectable change. \ 

50. The method of Claim 49 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 

51. A method of detecting nucleic acid having at least Vwo portions comprising: 
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providing a substrain having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; 

providing an aggregate probe: comprising at least two types of nanoparticles 
having oligonucleotides attached thereto, me nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types of muioparticles of the aggregate probe having 
oligonucleotides attached thereto which have ^sequence complementary to a second portion 
of the sequence of said nucleic acid; 

contacting said nucleic acid, thd substrate and the aggregate probe under 
conditions effective to allow hybridization of saia nucleic acid with the oligonucleotides on 
the aggregate probe and with the oligonucleotide^jonrnfessubstrate; and 
observing a detectable change. 



52. The method of Claim 5 1 wherein sai 
so that said nucleic acid hybridizes with the 
nucleic acid bound to the substrate is then contai 



nuclVic^cid^Srcontacted with the substrate 
leotides\on the substrate, and said 
egate probe so that said 



?onu( 



;ted 



nucleic acid hybridizes with the oligonucleotides on the\aggregate probe. 

53. The method of Claim 51 wherein said nualeic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes wiui the oligonucleotides on the 
aggregate probe, and said nucleic acid bound to the aggregate probe is then contacted with 
the substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate. 



54. The method of Claim 51 wherein said nucleic acid i$ contacted simultaneously 
with the aggregate probe and the substrate. 
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55. The method of Claim 51 ^herein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 



56. A method of detecting nucleid acid having at least two portions comprising: 
providing a substrate having oligonucleotides attached thereto; 
providing an aggregate probe comprising at least two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types of nanoparticles of the aggregate probe having 
oligonucleotides attached thereto which have a sequence complementary to a first portion of 
the sequence of a nucleic acid to be detected; 

providing a type of nanoparticles hav\pg*aFte^st two types of oligonucleotides 



sequence complementary to a 
je of oligonucleotides 
of the sequence of the 



attached thereto, the first type of oligonucleotide^ 
second portion of the sequence of said nucleic 
having a sequence complementary to at lea 
oligonucleotides attached to the substrate; 

contacting said nucleic acid, the aggregate probe,uhe nanoparticles and the 
substrate, the contacting taking place under conditions effective to allow hybridization of 
said nucleic acid with the oligonucleotides on the aggregate probe and on the nanoparticles 
and hybridization of the oligonucleotides on the nanoparticles with the oligonucleotides on 
the substrate; and 

observing a detectable change. 



57. The method of Claim 56 wherein said nucleic acid is contacted with the 
aggregate probe and the nanoparticles so that said nucleic \ acid hybridizes with the 
oligonucleotides on the aggregate probe and with the oligonucleotides on the nanoparticles, 
and said nucleic acid bound to the aggregate probe and nanoparticles is then contacted with 
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the substrate so that the oligonucleotides on the nanoparticles hybridize with the 
oligonucleotides on the substrate. 

58. The method of Claim 56 wherein said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, said nucleic acid bound to the aggregate probe is then contacted with the 
nanoparticles so that said nucleic acid lWbridizes with the oligonucleotides on the 
nanoparticles, and said nucleic acid bound to the aggregate probe and nanoparticles is then 
contacted with the substrate so that the oligonucleotides on the nanoparticles hybridize with 
the oligonucleotides on the substrate. 

59. The method of Claim 56 wherein said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, the nanoparticles are contacted with the substrate so that the 
oligonucleotides on the nanoparticles hybridize with\the oligonucleotides on the substrate, 
arid said nucleic acid bound to the aggregate probe is men contacted with the nanoparticles 
bound to the substrate so that said nucleic acid hy|ridjJfes^A \he oligonucleotides on the 
nanoparticles. ^ 

60. The method of Claim 56 wherein the substrate has the oligonucleotides attached 
to it in an array to allow for the detection of multiple portions of a single nucleic acid, the 
detection of multiple different nucleic acids, or both. 

6 1 . The method of any one of Claims 49-60 wherein\the substrate is a transparent 
substrate or an opaque white substrate. 

62. The method of Claim 61 wherein the detectable change is the formation of 
dark areas on the substrate. 



160 




4149-1-1-1-1 

63. The method of any one of (^laims 49-60 wherein the nanoparticles in the 
aggregate probe are made of gold. 

64. The method of any one of Claims 4^9-60 wherein the substrate is contacted with 
a silver stain to produce the detectable change. 

65. The method of any one of Claim^ 49-60 wherein the detectable change is 
observed with an optical scanner. 

66. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleic acid to be detected with a substrate having 

oligonucleotides attached thereto, the oligonucleotides Waving a sequence complementary to 
a first portion of the sequence of said nucleic acid the contacting taking place under 
conditions effective to allow hybridization of the oligqpuqleotid^-on the substrate with said 
nucleic acid; 

contacting said nucleic acid bound to the sUbstratb with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the contactingvtaking place under conditions 
effective to allow hybridization of the oligonucleotides on th^ liposomes with said nucleic 
acid; 

providing an aggregate probe comprising at leas^two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types of nanoparticles of the aggregate probe having 
oligonucleotides attached thereto which have a hydrophobic group\attached to the end not 
attached to the nanoparticles; 
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contacting the liposomes bound to the substrate with the aggregate probe 
under conditions effective to allow attachment of the oligonucleotides on the aggregate probe 
to the liposomes as a result of hydrophobic Interactions; and 

observing a detectable change 

67. The method of Claim 66 wherein |he nanoparticles in the aggregate probe are 
made of gold. 

68. The method of Claim 66 wherein theVubstrate is contacted with a silver stain to 
produce the detectable change. 



69. The method of Claim 66 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow/tor th^detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

70. A method of detecting nucleic acidj^vlil§at least two portions comprising: 
providing a substrate having oligonucleotides attached thereto, the 

oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; 

providing a core probe comprising at least Vwo types of nanoparticles, each 
type of nanoparticles having oligonucleotides attached thereto which are complementary to 
the oligonucleotides on at least one of the other types of nanoparticles, the nanoparticles of 
the aggregate probe being bound to each other as a result\of the hybridization of the 
oligonucleotides attached to them; 

providing a type of nanoparticles having two \types of oligonucleotides 
attached thereto, the first type of oligonucleotides having a sequence complementary to a 
second portion of the sequence of said nucleic acid, the second Itype of oligonucleotides 
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having a sequence complementary Yo a portion of the sequence of the oligonucleotides 
attached to at least one of the types of nanoparticles of the core probe; 

contacting said nucleic acid, the nanoparticles, the substrate and the core 
probe under conditions effective to allow hybridization of said nucleic acid with the 
oligonucleotides on the nanoparticles and with the oligonucleotides on the substrate and to 
allow hybridization of the oligonucleotides on the nanoparticles with the oligonucleotides 
on the core probe; and 

observing a detectable chanfee. 



7 1 . The method of Claim 70 wherein said nucleic acid is contacted with the substrate 
so that said nucleic acid hybridizes with the\oligonucleotides on the substrate, and said 
nucleic acid bound to the substrate is then contacted with the nanoparticles so that said 
nucleic acid hybridizes with the oligonucleotideaon the nanoparticles, and the nanoparticles 
bound to said nucleic acid are contacted with the coreprobe so that the oligonucleotides on 
the core probe hybridize with the oligonucleotides^ the nanoparticles. 



72. The method of Claim 70 wherein^ 



Si? acid is contacted with the 



nanoparticles so that said nucleic acid hybrid\zes\with tne oligonucleotides on the 
nanoparticles, said nucleic acid bound to the nanoparticles V then contacted with the 
substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate, and 
the nanoparticles bound to said nucleic acid are contactecWith the core probe so that the 
oligonucleotides on the core probe hybridize with the oligonucleotides on the nanoparticles. 



73 . A method of detecting nucleic acid having at le^st two portions comprising: 
providing a substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to a first potion of the sequence of a 
nucleic acid to be detected; 
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providing a core probe comprising at least two types of nanoparticles, each 
type of nanoparticles having oligonucleotides attached thereto which are complementary to 
the oligonucleotides on at least one other type of nanoparticles, the nanoparticles of the 
aggregate probe being bound to each otheA as a result of the hybridization of the 
oligonucleotides attached to them; \ 

providing a type of linking oligonucleotides comprising a sequence 
complementary to a second portion of the sequence of said nucleic acid and a sequence 
complementary to a portion of the sequence of the oligonucleotides attached to at least one 
of the types of nanoparticles of the core probe; \ 

contacting said nucleic acid, the linkihg oligonucleotides, the substrate and 
the core probe under conditions effective to allow hybridization of said nucleic acid with the 
linking oligonucleotides and with the oligonucleotides on the substrate and to allow 
hybridization of the oligonucleotides on the linkng^eiHgonucleotides with the 
oligonucleotides on the core probe; and / \ \ 

observing a detectable change. \ \ \ 

74. The method of any one of Claims 70-73 wMereinVhe substrkte has a plurality of 
types of oligonucleotides attached to it in an array to allow tor the defection of multiple 
portions of a single nucleic acid, the detection of multiple different nucleic acids, or bpth. 

75 . The method of any one of Claims 70-73 wherein tnb substrate is a transparent 
substrate or an opaque white substrate. \ 

76. The method of Claim 76 wherein the detectable change is the formation of 
dark areas on the substrate. \ 

77. The method of any one of Claims 70-73 wherein the nanoparticles in the core 
probe are made of gold. \ 
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78. The method of any one of Claims 70-73 wherein the substrate is contacted with 
a silver stain to produce the detectable change. 

79. The method of any one of^Claims 70-73 wherein the detectable change is 
observed with an optical scanner. 

80. . A method of detecting a nucleic acid having at least two portions comprising: 
providing nanoparticles having oligonucleotides attached thereto; 
providing one or more types of binding oligonucleotides, each of the binding 
oligonucleotides having two portions, the sequence of one portion being complementary to 
the sequence of one of the portions of the nucleid acid and the sequence of the other portion 
being complementary to the sequence of the oligonucleotides on the nanoparticles; 

contacting the nanoparticles andkThe binding oligonucleotides under 
conditions effective to allow hybridization of the jbli|onuc^otides on the nanoparticles with 
the binding oligonucleotides; * 

contacting the nucleic acid and th< bin^mg<yIigo\ucleotides under conditions 
effective to allow hybridization of the binding oligonucleotides With the nucleic acid; and 



observing a detectable change. ^ 



81 . The method of Claim 80 wherein the naAoparticles are contacted with the 
binding oligonucleotides prior to being contacted with thAnucleic acid. 

82. A method of detecting a nucleic acid having aUeast two portions comprising: 
providing nanoparticles having oligonucleotides attached thereto; 
providing one or more binding oligonucleotides, each of the binding 

oligonucleotides having two portions, the sequence of one portion being complementary to 
the sequence of at least two portions of the nucleic acid and the sequence of the other portion 
being complementary to the sequence of the oligonucleotides on the nanoparticles; 
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contacting the nanoparticles and the binding oligonucleotides under 
conditions effective to allow hybridizationpf the oligonucleotides on the nanoparticles with 
the binding oligonucleotides; 

contacting the nucleic acid aild the binding oligonucleotides under conditions 
effective to allow hybridization of the binding oligonucleotides with the nucleic acid; and 

observing a detectable chang^ 

83. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least t^vo types of particles having oligonucleotides 

attached thereto, 

the oligonucleotides on the first type of pWticles having a sequence complementary 
to a first portion of the sequence of the nucleic acjd-an&teing labeled with an energy donor, 

the oligonucleotides on the second/ Ape of Nparticles having a sequence 
complementary to a second portion of the seqy enqe of the nucleic acid and being labeled 
with an energy acceptor, 

the contacting taking place under conditiW^fffective tfy allow hybridization of the 
oligonucleotides on the particles with the nucleiclacick and 

observing a detectable change brought about by hybridization of the oligonucleotides 
on the particles with the nucleic acid. 

84. The method of Claim 83 wherein the ^nergy donor and acceptor are 
fluorescent molecules. 

85. A method of detecting nucleic acid having at lteast two portions comprising: 
providing a type of microspheres having oligonucleotides attached thereto, 

the oligonucleotides having a sequence complementary to a first portion of the sequence of 
the nucleic acid and being labeled with a fluorescent molecule; 
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providing a type of nanoparticles having oligonucleotides attached thereto, 
the oligonucleotides having a sequence complementary to a second portion of the sequence 
of the nucleic acid, nanoparticles being capable of producing a detectable change; 

contacting the nucleic acid with the microspheres and the nanoparticles under 
conditions effective to allow hybridization 6f the oligonucleotides on the microspheres and 
on the nanoparticles with the nucleic acid; and 

observing a change in fluorescence, another detectable change produced by 
the nanoparticles, or both. \ 

86. The method of Claim 85 wherein the detectable change produced by the 
nanoparticles is a change in color. \ 

87. The method of Claim 85 wherein the microspheres are latex microspheres and 
the nanoparticles are gold nanoparticles, and changes in fluorescence, color or both are 
observed. \ \ 

88. The method of Claim 87 further compftsingM^ a portion of the mixture 
of the latex microspheres, nanoparticles and nucleflTadid in in observation area located on 
a microporous material, treating the microporous material so as^to remove any unbound gold 
nanoparticles from the observation area, and then observing the changes in fluorescence, 
color, or both. \ 

89. A method of detecting nucleic acid having at Wst two portions comprising: 
providing a first type of metallic or semiconductor nanoparticles having 

oligonucleotides attached thereto, the oligonucleotides having ^sequence complementary to 
a first portion of the sequence of the nucleic acid and being Uabeled with a fluorescent 
molecule; \ 
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providing a second type ofimetallic or semiconductor nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a second portion of the sequence of the nucleic acid and being labeled with a fluorescent 
molecule; 

contacting the nucleic acidlwith the two types of nanoparticles under 
conditions effective to allow hybridization 9f the oligonucleotides on the two types of 
nanoparticles with the nucleic acid; and 

observing changes in fluorescence. 

90. The method of Claim 89 further comprising placing a portion of the mixture 
of the nanoparticles and nucleic acid in an observation area located on a microporous 
material, treating the microporous material so as to remove any unbound nanoparticles from 
the observation area, and then observing the changes in fluorescence. 

91. A method of detecting nucleic acid having at feast two portions comprising: 
providing a type of particle having oligopueWfOti3es attached thereto, the 

oligonucleotides having a first portion and aJsecond portion, both portions being 
complementary to portions of the sequence of the\iuileic acid; 

providing a type of probe oligonucleotides comprising a first portion and a 
second portion, the first portion having a sequence complementary to the first portion of the 
oligonucleotides attached to the particles and both portions being complementary to portions 
of the sequence of the nucleic acid, the probe oligonucleotides further being labeled with a 
reporter molecule at one end; 

contacting the particle and the probe oligonucleotides under conditions 
effective to allow for hybridization of the oligonucleotides or\ the particles with the probe 
oligonucleotides to produce a satellite probe; 

then contacting the satellite probe with the nuileic acid under conditions 
effective to provide for hybridization of the nucleic acid with thp probe oligonucleotides; 
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removing the particles* and 
detecting the reporter molecule. 



92. The method of Claim 91 Wherein the particles are magnetic and the reporter 
molecule is a fluorescent molecule. \ 

93. The method of Claim 91 wnerein the particles are magnetic and the reporter 
molecule is a dye molecule. \ 

94. The method of Claim 91 wheitein the particles are magnetic and the reporter 
molecule is a redox-active molecule. \ 

95. A kit comprising at least one container, the container holding a composition 
comprising at least two types of nanoparticles faying oligonucleotides attached thereto, the 
oligonucleotides on the first type of nanoparticlesuiavingSa sequence complementary to the 
sequence of a first portion of a nucleic aci^j, the Oligonucleotides on the second type of 
nanoparticles having a sequence complementary to W^seqtflenceof a second portion of the 
nucleic acid. "T \ \ 

96. The kit of Claim 95 wherein the composition in the container further 
comprises a filler oligonucleotide having a sequence complementary to a third portion of the 
nucleic acid, the third portion being located between theuirst and second portions. 

97. The kit of Claim 95 wherein the nanoparticlles are made of gold. 

98. The kit of Claim 95 further comprising a solid surface. 



99. 



A kit comprising at least two containers, 

169 



4149-1-1-1-1 

the first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a first portion of a nucleic 
acid, and \ 

the second container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 
nucleic acid. 

100. The kit of Claim 99 comprising a third container holding oligonucleotides 
having a sequence complementary to\a third portion of the nucleic acid, the third portion 
being located between the first and second portions. 



101 . The kit of Claim 99 x$gj&m ffie nanoparticles are made of gold. 

102. The kit of Claim 99 further comprising a solid surface. 



103. A kit comprising at least two. containers, 

the first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to\the sequence of a first portion of a binding 
oligonucleotide, and 

the second container holding one or more types of binding oligonucleotides, 
each of which has a sequence comprising at least two portions, the first portion being 
complementary to the sequence of the oligonucleotides^ the nanoparticles and the second 
portion being complementary to the sequence of a portion of a nucleic acid. 



1 04. The kit of Claim 1 03 which comprises additional containers, each holding an 
additional binding oligonucleotide, each additional binding oligonucleotide having a 
sequence comprising at least two portions, the first portion being complementary to the 



170 




4149-1-1-1-1 



sequence of the oligonucleotides on the nanoparticles and the second portion being 
complementary to the sequence of another portion of the nucleic acid. 

105. The kit of Claim 103 wherein the nanoparticles are made of gold. 




106. The kit of Claim 103\further comprising a solid surface. 

1 07. A kit comprising: 
a container holding one t^rpe of nanoparticles having oligonucleotides attached 

thereto and one or more types of binding^eligonucleotides, each of the types of binding 
oligonucleotides having a sequence comprising at least two portions, the first portion being 
complementary to the sequence of the oligonudeojifles on the nanoparticles, whereby the 
binding oligonucleotides are hybridizejd to tj>e^igpnucleotides on the nanoparticles, and the 
second portion being complementa 
acid. 



the\sequeiqce of one or more portions of a nucleic 



108. A kit comprising at least one container, the container holding metallic or 
semiconductor nanoparticles having oligonucleotides attached thereto, the oligonucleotides 
having a sequence complementary to a portiom of a nucleic acid and having fluorescent 
molecules attached to the ends of the oligonucleotides not attached to the nanoparticles. 

1 09. A kit comprising: 
a substrate, the substrate having \ attached thereto nanoparticles, the 

nanoparticles having oligonucleotides attached \thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

a first container holding nanoparticles\ having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 
nucleic acid. \ 
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1 1 0. The kit of Claim 1 09 further comprising: 

a second containen holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the oligonucleotides on the nanoparticles in the first container; and 

a third container holaing nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides having asequence complementary to the sequence of a second 
portion of the binding oligonucleotide! 

111. A kit comprising at leastuhree containers: 
the first container holding nanoparticles; 

the second container holding, a first oligonucleotide having a sequence 
complementary to the sequence of a first pprtion of a nucleic acid; and 

the third container h©lding\a sefcond oligonucleotide having a sequence 
complementary to the sequence of a second portierfof the nucleic acid. 

112. The kit of Claim 1 1 1 further 
oligonucleotide having a sequence complement 
nucleic acid, the third portion being located bel 

113. The kit of Claim 1 1 1 further comprising a substrate. 

1 14. The kit of Claim 1 1 3 further comprising: 

a fourth container holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the second oligonucleotide; ana 

a fifth container holding an oligonucleotide having a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 



iprising a fourth container holding a third 
to the sequence of a third portion of the 
en the first and second portions. 
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115. The kit of Claim 1 1 1 Wherein the oligonucleotides, nanoparticles, or both bear 
functional groups for attachment of the oligonucleotides to the nanoparticles. 

116. The kit of Claim 113 wherein the substrate, nanoparticles, or both bear 
functional groups for attachment of the nanoparticles to the substrate. 

1 17. The kit of Claim 1 13 wherein the substrate has nanoparticles attached to it. 

1 1 8. The kit of Claim 1 1 1 wherein the nanoparticles are made of gold. 



119. A kit comprising: 

a substrate having oligorihcleotide^artached thereto which have a sequence 
complementary to the sequence of a first pcjptfDn of aViucleic acid; 

a first container holding nanoparticles^ having oligonucleotides attached 
thereto, some of which have a sequence complementary to the sequence of a second portion 
of the nucleic acid; and 

a second container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to at least a portion of the sequence of the 
oligonucleotides attached to the nanoparticles in tha first container. 



1 20. A kit comprising: 
a substrate; 

a first container holding nanoparticles; 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a third container holding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid; and 
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a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second oligonucleotide. 

12 1 . The kit of Claim 120 wherein the oligonucleotides, nanoparticles, substrate 
or all bear functional groups for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 

122. The kit of Claim 120\wherein the nanoparticles are made of gold. 

123. A kit comprising: 
a substrate having </ligoiiucleotfties attached thereto which have a sequence 

a firsiportianW a nucleic acid; 
ingiippsomes having oligonucleotides attached thereto 
which have a sequence complementary to\he sequence of a second portion of the nucleic 
acid; and 

a second container holding Nanoparticles having at least a first type of 
oligonucleotides attached thereto, the first tyrie of oligonucleotides having a hydrophobic 
group attached to the end not attached to the napoparticles. 

124. The kit of Claim 123 wherein: 
the nanoparticles in the second\ container have a second type of 

oligonucleotides attached thereto, the second type of oligonucleotides having a sequence 
complementary to the sequence of the oligonucleotide^ on a second type of nanoparticles; 
and the kit further comprises: 

a third container holding a second \ type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
at least a portion of the sequence of the second type of oligonucleotides on the first type of 
nanoparticles. 
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1 25. A kit comprising: 
a substrate, the substrate having attached thereto nanoparticles, the 

nanoparticles having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

a first container holdingWi aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as\a result of the hybridization of some of the 
oligonucleotides attached to them, at leastpne of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
second portion of the sequence of the nucleip acid. 

1 26. A kit comprising: 
a substrate, the substrate havihg oligonucleotides attached thereto, the 

oligonucleotides having a sequence compfemenr^ry tp>tfip sequence of a first portion of a 
nucleic acid; and 

a first container holding an a^egate^robeX^omprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of\the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
second portion of the sequence of the nucleic acid. 



127. The kit of Claim 126 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleicWids, or both. 



128. A kit comprising: 

a substrate having oligonucleotides attached thereto; 
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a first container'hplding an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attachedythereto which have a sequence complementary to a 
first portion of the sequence of the nucldic acid; and 

a second container holdihg nanoparticles having at least two types of 
oligonucleotides attached thereto, the firsV type of oligonucleotides having a sequence 
complementary to a second portion of the sequence of the nucleic acid, and the second type 
of oligonucleotides having a sequence complementary to at least a portion of the sequence 
of the oligonucleotides attached to the substrate. 



jtftjes attached thereto, the 
sequence of a first portion of a 



129. A kit comprising: 

a substrate, the substrate havirtgloligi 
oligonucleotides having a sequence complemen 
nucleic acid; 

a first container holding liposomes having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a second portion of the nucleic 
acid; and 

a second container holding an aggregate probe comprising at least two types 
of nanoparticles having oligonucleotides attached thereto, the nanopdrticles of the aggregate 
probe being bound to each other as a result of the 
hybridization of some of the oligonucleotides attached to them, at leasf\one of the types of 
nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 
hydrophobic group attached to the end not attached to the nanoparticles. 



130. The kit of any one of Claims 125-129 wherein the substrate i\ a transparent 
substrate or an opaque white substrate. 
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131. The kit of a^y one of Claims 125-129 wherein the nanoparticles of the 
aggregate probe are made of bold. 

1 32. A kit comprising at least three containers: 
the first container holding nanoparticles; 

the second container holding a first oligonucleotide having a sequence 
complementary to the sequence ofa first portion of a nucleic acid; and 

the third container holding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid. 
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133. The kit of Claim 132 ftirthW^ompri^mg a fourth container holding a third 
oligonucleotide having a sequence complementary to the sequence of a third portion of the 
nucleic acid, the third portion being located between thetfirst and second portions. 



134. The kit of Claim 132 furthi 



;r comprisifig a substrate. 



135. The kit of Claim 1 34 furth^ompnsing: 
' a fourth container holding \ binding oligonucleotide having a selected 

sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the second oligonucleotide; afcd 

a fifth container holding an oligonucleotide hWing a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 



1 3 6. The kit of Claim 1 32 wherein the oligonuc leotides\ nanoparticles, or both bear 
functional groups for attachment of the oligonucleotides to the nanoparticles. 

137. The kit of Claim 134 wherein the substrate, nanoparticles, or both bear 
functional groups for attachment of the nanoparticles to the substrateX 
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13 8. The kit of Claim 134 wherein the substrate has nanoparticles attached to it. 

1 39. The kit of Claim\l 32 wherein the nanoparticles are made of gold. 

140. A kit comprising: 

a substrate having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a first container holding nanoparticles having oligonucleotides attached 
thereto, some of which have a sequence complementary to the sequence of a second portion 
of the nucleic acid; and \ 

a second container holdingWritoarticles having oligonucleotides attached 
thereto which have a sequence complementary to, at least a portion of the sequence of the 
oligonucleotides attached to the nanopartjclesan ttefirst container, 

141. A kit comprising: 
a substrate; 

a first container holding nanoparticles; 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a third container holding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the\iucleic acid; and 

a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second oligonucleotide. 



142. The kit of Claim 141 wherein the oligonucleotides, nanoparticles, substrate 
or all bear functional groups for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 
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143. The kit of Cl^im 141 wherein the nanoparticles are made of gold. 

1 44. A kit comprising: 
a substrate havingyoligonucleotides attached thereto which have a sequence 

complementary to the sequence ofia first portion of a nucleic acid; 

a first container holding liposomes having oligonucleotides attached thereto 
which have a sequence complemenrary to the sequence of a second portion of the nucleic 
acid; and 

a second container holding nanoparticles having at least a first type of 
oligonucleotides attached thereto, the first type of oligonucleotides having a hydrophobic 
group attached to the end not attached to peWioparticles. 

145. The kit of Claim 144 whfereih: 
the nanoparticles in uie segpnd"\container have a second type of 

oligonucleotides attached thereto, the^fi^ndrype of oligonucleotides having a sequence 
complementary to the sequence of the oligonucleotides on a second type of nanoparticles; 
and the kit further comprises: 

a third container holding a second type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
at least a portion of the sequence of the second type of oligonucleotides on the first type of 
nanoparticles. 



146. A kit comprising at least two containers, 

the first container holding particles having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a first portion of a nucleic acid, 
the oligonucleotides being labeled with an energy donor on fye ends not attached to the 
particles, 
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the second contained holding particles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of a 
nucleic acid, the oligonucleotides beipg labeled with an energy acceptor on the ends not 
attached to the particles. 

1 47. The kit of Claim 1 46 wherein the energy donor and acceptor are fluorescent 
molecules. 

148. A kit comprising at least one container, the container holding a first type of 
particles having oligonucleotides attached thereto which have a sequence complementary to 
the sequence of a first portion of a nucleic acid, the oligonucleotides being labeled with an 
energy donor on the ends not attached to the particl^, and a second type of particles having 
oligonucleotides attached thereto which have asequence complementary to the sequence of 
a second portion of a nucleic acid, the oligonucleotides bei^g labeled with an energy acceptor 
on the ends not attached to the particles. 

1 49. The kit of Claim 1 48 wherein l!he energy don& and acceptor are fluorescent 
molecules. 

150. A kit comprising: 

a first container holding a type of microspheres having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of a nucleic acid and being labeled with a fluorescent molecule; and 

a second container holding a type of nanoparticles having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a second portion 
of the sequence of the nucleic acid. 
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1 5 1 . The kit of Claim 1 50 wherein the microspheres are latex microspheres and the 
nanoparticles are gold nanoparticles. 

1 52. The kit of Claim 1 5& further comprising a microporous material. 



153. A kit comprising: 

a first container holding a first type of metallic or semiconductor nanoparticles 
having oligonucleotides attached thereto, the oligonucleotides having a sequence 
complementary to a first portion of the sequence of a nucleic acid and being labeled with a 
fluorescent molecule; and 

a second container holding a second type of metallic or semiconductor 
nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a second portion of the sequence of a nucleic acid and being 
labeled with a fluorescent molecule. 



154. The kit of Claim 153 



comprisinaa microporous material. 



155. A kit comprising a container holding a satellite probe, the satellite probe 
comprising: 

a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion and a second portion, both portions having sequences complementary 
to portions of the sequence of a nucleic acid; and 

probe oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the particles, both portions haying sequences complementary 
to portions of the sequence of the nucleic acid, the probe oligonucleotides further having a 
reporter molecule attached to one end. 
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1 56. A kit comprising a container holding an aggregate probe, the aggregate probe 
comprising at least two types of nanorkrticles having oligonucleotides attached thereto, the 
nanoparticles of the aggregate probi being bound to each other as a result of the 
hybridization of some of the oligonucleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 
sequence complementary to a portion of the sequence of a nucleic acid. 

157. A kit comprising a containeAholding an aggregate probe, the aggregate probe 
comprising at least two types of nanoparticles having oligonucleotides attached thereto, the 
nanoparticles of the aggregate probe beirW bound to each other as a result of the 
hybridization of some of the oligonucleotideslattached to them, at least one of the types of 
nanoparticles of the aggregate probe having olkonucleotides attached thereto which have a 
hydrophobic group attached to the end not attafchecrto the nanoparticles. 

158. An aggregate probe, the aggregate probe comprising at least two types of 



nanoparticles having oligonucleotides attac 



pretoAthe nanoparticles of the aggregate 



probe being bound to each other as a rekult W thd hybridization of some of the 
oligonucleotides attached to them, at least one of theVypes of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which\have a sequence complementary to a 
portion of the sequence of a nucleic acid. 

1 59. The aggregate probe of Claim 1 58 comprising two types of nanoparticles each 
having two types of oligonucleotides attached thereto, the first type of oligonucleotides 
attached to each type of nanoparticles having a sequence complementary to a portion of the 
sequence of a nucleic acid, the second type of oligonucleotides attached to the first type of 
nanoparticles having a sequence complementary to at least a bortion of the sequence of the 
second type of oligonucleotides attached to the second type ofinanoparticles. 
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160. The aggregate probe of Claim 158 comprising three types of nanoparticles 
having oligonucleotides attached therteto, the oligonucleotides attached to the first type of 
nanoparticles having a sequence complementary to at least a portion of the sequence of the 
oligonucleotides attached to the second type of nanoparticles, the oligonucleotides attached 
to the second type of nanoparticles havinda sequence complementary to at least a portion of 
the sequence of the oligonucleotides attached to the first type of nanoparticles, and the third 
type of nanoparticles having two types of oligonucleotides attached thereto, the first type of 
oligonucleotides having a sequence complementary to a portion of the sequence of a nucleic 
acid, and the second type of oligonucleotides\having a sequence complementary to at least 
a portion of the sequence of the oligonucleotides attached to the first or second type of 
nanoparticles. 1 

161. An aggregate probe, the aggregate ptobe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a rejultW'the hybridization of some of the 
oligonucleotides attached to them, at least one if thfe tyrJes of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto Whidh have a hydrophobic group attached to 
the end not attached to the nanoparticles. \ 

1 62. A kit comprising a container holding a core probe, the core probe comprising 
at least two types of nanoparticles having oligonucleotide^ attached thereto, the nanoparticles 
of the core probe being bound to each other as a result or the hybridization of some of the 
oligonucleotides attached to them. \ 

163. The kit of Claim 162 further comprising a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence comilementary to a first portion of 
the sequence of a nucleic acid to be detected. \ 
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1 64. Ti. u, of CaW ,« or ISJ comprising , 

— « having „„ a s of oligonucleotides attached ^ * 

»^e.co„d^ofo,i g „„uc 1 «L Bhavingsequencecom plemen ^ toaportionofth 

sequence of the oligonucleotides attached to at least one nfih „ / 
core probe. ^ eat0atleastoneofthe <ypesofnanoparticlesofthe 



165. ^ta.ofClaiM.SJor^funhercort.prisingaco^erholdinga^of 
'■nta.g co m p rising a l„ ence c „ mplemen[aiy „ , 



166. A core probe compris: 
oligonucleotides attached thereto, the nafiop; 
other as a result of the hybridization of 



at least 



icles 



w> types of nanoparticles having 
ie core probe being bound to each 
^nucleotides attached to them. 



167. A substrate having nanoparlicles attached hereto. 



168. ™esubstrateofClaiml67wher^ 
attached thereto which have a sequence complementary^ the . 
a nucleic acid. 



sequence of a first portion of 



thereto T y "T ' SeD>iCOndUCt0 ' < b \°B oiigonucleotides anached 

: ; "*' fl -»4 — s a, the ends „ 

attached to the nanoparticle. * 



1 70. A satellite probe comprising: 
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a particle havina attached thereto oligonucleotides, the oligonucleotides 
having a first portion and a second portion, both portions having sequences complementary 
to portions of the sequence of a nucleic acid; and 

probe oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the particles, both portions having sequences complementary 
to portions of the sequence of the nucleic acid, the probe oligonucleotides further having a 
reporter molecule attached to one end. 

171. A method of nanofabricatipn comprising 
providing at least one typte of linking oligonucleotide having a selected 

sequence, the sequence of each type of linking oligonucleotide having at least two portions; 

providing one or more types omanopartrcles having oligonucleotides attached 
thereto, the oligonucleotides on each of the types ofunanoparticles having a sequence 
complementary to the sequence of a porti<m-0rali^ng\oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 
nanoparticles are held together by oligonucleotide connectors. 

1 72. The method of Claim 1 7 1 wherein at least two types of nanoparticles having 
oligonucleotides attached thereto are provided, the oligonucleotides on the first type of 
nanoparticles having a sequence complementary to a first portion of the sequence of a linking 
oligonucleotide, and the oligonucleotides on the second type of nanoparticles having a 
sequence complementary to a second portion of the sequence of the linking oligonucleotide. 
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173. The method of ClaiA 171 or 172 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanopalticles, or a combination thereof. 

1 74. The method of Claim J 73 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanopartides are made of CdSe/ZnS (core/shell). 

1 75. A method of nanofabrication comprising: 

providing at least two type^s of nanoparticles having oligonucleotides attached 

thereto, 

the oligonucleotides oiytrib fir^i type of nanoparticles having a sequence 
complementary to that of the oligonucleotides on\he second of the nanoparticles; 

the oligonucleotides oiAhe second tWof nanoparticles having a sequence 
complementary to that of the oligonuclL^onidSret type of nanoparticles; and 

contacting the first andtecdnd type! of nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides^ the nanoparticles to each other so 
that a desired nanomaterial or nanostructure is'ttbrmed. 

176. The method of Claim 175 vVherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 

1 77. The method of Claim 1 76 wherein toe metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are madebf CdSe/ZnS (core/shell). 

178. Nanomaterials or nanostructures composed of nanoparticles having 
oligonucleotides attached thereto, the nanoparticles be^ig held together by oligonucleotide 
connectors. 
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1 79. The nanomaterials or nanostructures of Claim 1 78 wherein at least some of the 
oligonucleotide connectors areViple-stranded. 

1 80. The nanomaterials or nanostructures of Claim 1 78 wherein the nanoparticles 
are metallic nanoparticles, semiconauctor nanoparticles, or a combination thereof. 

181. The nanomaterials or nanostructures of Claim 180 wherein the metallic 
nanoparticles are made of gold, and the Semiconductor nanoparticles are made of CdSe/ZnS 
(core/shell). \ 

1 82. A composition comprising^ at least two types of nanoparticles having 
oligonucleotides attached thereto, the cfligoyucleofkles on the first type of nanoparticles 
having a sequence complementary to the\seqtt€nce of a first portion of a nucleic acid or a 
linking oligonucleotide, the oligonucleotides on the second type of nanoparticles having a 
sequence complementary to the sequence of a second portion of the nucleic acid or linking 
oligonucleotide. \ 

183. The composition of Claim 182 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 

1 84. The composition of Claim 1 83 wherein the metallic nanoparticles are made 
of gold, and the semiconductor nanoparticles are made ofiCdSe/ZnS (core/shell). 

1 85. An assembly of containers comprising: \ 

a first container holding nanoparticles having oligonucleotides attached 
thereto, and \ 

a second container holding nanoparticles having oligonucleotides attached 
thereto, \ 
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the oligonucleotides attained to the nanoparticles in the first container having 
a sequence complementary to that of the \ligonucleotides attached to the nanoparticles in the 
second container, 

the oligonucleotides attached to the nanoparticles in the second container 
having a sequence complementary to u\at of the oligonucleotides attached to the 
nanoparticles in the second container. 

186. The assembly of Claim 18^ wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or\a combination thereof. 



1 87. The assembly of Claim 1 86 wheJein the Metallic nanoparticles are made of 

Se/ZnS (core/shell). 



gold, and the semiconductor nanoparticles W mi 



188. A nanoparticle having a ph 



ility bf different oligonucleotides attached 



thereto. 



1 89. A method of separating a selected nucleic acid having at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanoparticL having oligonucleotides attached 
thereto, the oligonucleotides on each of the types of nanoparticles having a sequence 
complementary to the sequence of one of the portions of ttife selected nucleic acid; and 

contacting the nucleic acids and nanoparticle^ under conditions effective to 
allow hybridization of the oligonucleotides on the nanopartilles with the selected nucleic 
acid so that the nanoparticles hybridized to the selected (nucleic acid aggregate and 
precipitate. 



190. A method of binding oligonucleotides to charged nanoparticles to produce 
stable nanoparticle-oligonucleotide conjugates, the method comprising: 
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Priding oligonucleotides having eovalen.lv bound thereto a moiety 
compnsmg a functional group which can bind to the nanoparticles; 

time suffice* t0 Mov/ „ ]eaa m \ oligonucleotjdes (o b . nd (o ^ ^ 

addtaga,l ^°"^'A*ewa te r to forr„asa l .soIu M on, U1 eionies t «„g ft 
of the sal, solution being sufficient to overcome a, leas, partial* me ..ecstatic attraction 
or repu,s,on 0 f the o,i g o„uc,eo.ides for A nanoparticles and me electiostatic repulsion of 
the oligonucleotides for each other, and \ 

contacting fteoUgonud^s andj.nopartic.es in the sal, solution for an 
ddtnonalpen^oftimesufficienuoal^sufr^ 
the nanoparticles to produce ft. sable nartopXle^nucleotide conjugates. 

m. Tie method of Claim 190 whe^me nanoparticles a. meta! nanoparticles 
or semiconductor nanoparticles. 

192. TTae method of Claim 191 wherein til nanoparticles are g„,d nanoparticles. 

wb- h ''I ^ eme ^° fClaiml92whTOin n 0i ^ C °«^«i°°a' g ro»P 
whtch can bmd to the nanoparticles is an alkanethiol. 

194 ^^ofClatalPOwheremal.ofti.esaltisadded^mewaterina 
single addition. * 

195. TOe method of Cairn .90 wherein the sal, is Led gradually over time. 

196. He method of Claim .90 wherein fte sal. L selected from the group 
coasting of sodium cmoride, magnesium chloride, potassium chloride, ammonium 
chlonde, sodtum, acetate, ammonium acefcte, a combination ofL or more of rn.se salts, 
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one of these salts in aNphosphate buffer, and a combination of two or more these salts in a 
phosphate buffer. \ 

197. The method <»f Claim 1 96 wherein the salt is sodium chloride in a phosphate 
buffer. \ 

198. The method of Claim 1 90 wherein nanoparticle-oligonucleotide conjugates 
are produced which have the oligonucleotides present on surface of the nanoparticles at a 
surface density of at least 10 picomoles/cm 2 . 

1 99. The method of Clairr/ 1 98 wherW the oligonucleotides are present on surface 
of the nanoparticles at a surface deAsityW at leasH5 picomoles/cm 2 . 

200. The method of Claim 199 wherein the oligonucleotides are present on surface 
of the nanoparticles at a surface density df from about 15 picomoles/cm 2 to about 40 
picomoles/cm 2 . \ 

201. A method of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides, the oligonucleotides comprising at least one type 
of recognition oligonucleotides, each of the recognition oligonucleotides comprising a spacer 
portion and a recognition portion, the spacer portion being designed so that it can bind to the 
nanoparticles; and \ 

contacting the oligonucleotides and the\nanoparticles under conditions 
effective to allow at least some of the recognition oligonucleotides to bind to the 
nanoparticles to produce the nanoparticle-oligonucleotide conjugates. 
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202. The method of ulaim 201 wherein each of the spacer portions of the 
recognition oligonucleotides has almoiety covalently bound thereto, the moiety comprising 
a functional group which can bind \o the nanoparticles 

203 . The method of Claim \0 1 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

204. The method of Claim 203 wherein the nanoparticles are gold nanoparticles. 

205 . The method of Claim 204 wherein the spacer portion comprises at least about 
10 nucleotides. 

206. The method of Clain^f 205 wjj^drT^ie spacer portion comprises from about 
10 to about 30 nucleotides. 

207. The method of Claim 206 whereni the bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytosines, all uracils, or all guanines. 

208. A method of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the methomcomprising: 

providing oligonucleotides, the oligonucleotides comprising: 
a type of recognition oligonucleotides; and 
a type of diluent oligonucleotides; 
contacting the oligonucleotides with the nanoparticles under conditions 
effective to allow at least some of each of the types or oligonucleotides to bind to the 
nanoparticles to produce the nanoparticle-oligonucleotide conjugates. 
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209. The method of Claim 208 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles! 

2 1 0. The method of Clami 209 wherein the nanoparticles are gold nanoparticles. 

211. The method of Claim\ 208 wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recognition portion, the spacer portion being designed so 
that it can bind to the nanoparticles. 



212. The method of Claim 
recognition oligonucleotides has a moie'ty\covj 
a functional group which can bind to^e n&nopi 



herein each of the spacer portions of the 
tly bound thereto, the moiety comprising 
cles. 



213. The method of Claim 211 wherein Vhe spacer portions of the recognition 
oligonucleotides comprises at least about 10 nucleotides. 

214. The method of Claim 213 wherein the spacer portions of the recognition 
oligonucleotides comprises from about 10 nucleotides to about 30 nucleotides. 

215. The method of Claim 2 1 1 wherein the bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytosines, all uracils or all guanines. 



2 1 6. The method of Claim 2 1 1 wherein the diluent oligonucleotides contain about 
the same number of nucleotides as are contained in the spacer portions of the recognition 
oligonucleotides. 
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2 17. The method of Claim 216 wherein the sequence of the diluent 
oligonucleotides is the same as\the sequence of the spacer portions of the recognition 
oligonucleotides. 

218. The method of Claimy08 wherein the oligonucleotides comprise at least two 
types of recognition oligonucleotides! 



219. A method of binding oligonucleotides to charged nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides having covalently bound thereto a moiety 
comprising a functional group which carjftnHds^o the nanoparticles, the oligonucleotides 
comprising: 

a type of recognition Oligonucleotides; and 

a type of diluenuoligonucleotide 
contacting the oligonucleojides^vith the\nanoparticles in water for a period 
of time sufficient to allow at least some \f each\of the t>^es of oligonucleotides to bind to 
the nanoparticles; 

adding at least one salt to the water \o form a salt solution, the ionic strength 
of the salt solution being sufficient to overcome at least partially the electrostatic attraction 
or repulsion of the oligonucleotides for the nanopartiples and the electrostatic repulsion of 
the oligonucleotides for each other; and 

contacting the oligonucleotides and naripparticles in the salt solution for an 
additional period of time sufficient to allow additional oligonucleotides of each of the types 
of oligonucleotides to bind to the nanoparticles to produc^ the nanoparticle-oligonucleotide 
conjugates. 



220. The method of Claim 2 1 9 wherein the nanopj 
or semiconductor nanoparticles. 
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221 . The method of foaim 220 wherein the 



nanoparticles are gold nanoparticles. 



which J*^*^ 1 ^*^**** gafunctionalgroup 
wbch can bind to the nanoparticles i\an alkanethiol. 



223. The method of Claim 21 \ wherein all of the 
single addition. 



salt is added to the water in a 



224. ThemethodofClaim2l9whWeinthesalt 



is added gradually over time. 



225. The method of Claim 219 whWthfi salt is selected 



— of sodium Co.de, magnesium ^ 

acetate, a jcombinatioV of two or more of these salts, 

w> or more these salts in a 



chloride, sodium, acetate, ammonium 
one of these salts in a phosphate buffer, and ^mLationl 
phosphate buffer. 



buffer. 



226. The method of Claim 225 wherein 



l^he salt is sodium chloride in aphosphate 



227. The method of Claim 219 wherein 



are produced which have the oligonucleotides 
a surface density of at least 10 picomoles/cm 2 . 



nanoparticle-oligonucleotide conjugates 



are present on surface of the nanoparticles at 



228. ^^^221^^^^ 
of the nanopamcles at a surface density of a, least 15 picomol Jc 
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229. The method of Claim 228 wherein the oligonucleotides are present on surface 
of the nanoparticles at a^urface density of from about 15 picomoles/cm 2 to about 40 
picomoles/cm 2 . 

230. The method of Claim 2 1 9 wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recognition portion, the spacer portion having attached to 
it the moiety comprising a functional group which can bind to the nanoparticles. 

23 1 . The method of Claim\23 0 wherein the spacer portion comprises at least about 
10 nucleotides. 

232. The method of Claim 23\1 wherein the spacer portion comprises from about 
10 to about 30 nucleotides. 

233. The method of Claim 230 wherein the bases of the nucleotides of the spacers 
are all adenines, all thymines, all cytosines\all uracils, or all guanines. 

234. The method of Claim 230 wherein the diluent oligonucleotides contain about 
the same number of nucleotides as are pntained in\the^pgcer portions of the recognition 
oligonucleotides. 



235. The method of Claim 234 wherein the sequence of the diluent 
oligonucleotides is the same as the sequence of ttje spacer portions of the recognition 
oligonucleotides. 



236. The method of Claim 2 1 9 wherein the oligonucleotides comprise at least two 
types of recognition oligonucleotides. 
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237. Nanoparticle-oligonucleotide conjugates which are nanoparticles having 
oligoniideotides attached to them, the oligonucleotides being present on surface of the 
nanoparticles at a surface density sufficient so that the conjugates are stable, at least some 
of the oligonucleotides having a sequence complementary to at least one portion of the 
sequence of a nufcleic acid or another oligonucleotide.. 

238. The conjugates of Claim 237 wherein the oligonucleotides are present on 
surface of the nanoparticlessat a surface density of at least 1 0 picomoles/cm 2 

239. The nanoparticles\f Claim 23 8 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 15 picomoles/cm 2 . 

240. The nanoparticles of Claim s 239 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface densitj^of from about 1 5 picomoles/cm 2 to about 40 
pieomoles/cm 2 . 

241. The nanoparticles of Claim 237 wn^rein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 




242. The nanoparticles of Claim 241 wherein th^ nanoparticles are gold 
nanoparticles. 

243 . Nanoparticles having oligonucleotides attached to them, tl^e oligonucleotides 
comprising at least one type of recognition oligonucleotides, each ofsthe recognition 
oligonucleotides comprising a spacer portion and a recognition portion, the spacer portion 
being designed so that it is bound to the nanoparticles, the recognition portion having a 
sequence complementary to at least one portion of the sequence of a nucleic acid or another 
oligonucleotide. 
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2^4. The nanoparticles of Claim 243 wherein the spacer portion has a moiety 
covalently \p\md to it, the moiety comprising a functional group through which the spacer 
portion is bound to the nanoparticles. 

245. The nanoparticles of Claim 243 wherein the spacer portion comprises at least 
about 10 nucleotiaes. 

246. The nanoparticles of Claim 245 wherein the spacer portion comprises from 
about 10 to about 30 nucleotides. 

247. The nanoparticles of Claim 243 wherein the bases of the nucleotides of the 
spacer portion are all adenines^all thymines, all cytosines, all uracils or all guanines. 

248. The nanoparticles ofiClaim 243 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surfafce density of at least 10 picomoles/cm 2 . 

249. The nanoparticles of Claimy248 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 15 picomoles/cm 2 . 

250. The nanoparticles of Claim 249 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from about 1 5 picomoles/cm 2 to about 40 
picomoles/cm 2 . \ 

251. The nanoparticles of Claim 243 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. \ 

252. The method of Claim 251 wherein the nanoparticles are gold nanoparticles. 
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253. .Nanoparticles having oligonucleotides attached to them, the oligonucleotides 
comprising: \ 

at least one type of recognition oligonucleotides, each of the types of 
recognition oligonucleotides comprising a sequence complementary to at least one portion 
of the sequence of a nucleic acid or another oligonucleotide; and 

a type of oiluent oligonucleotides. 

254. The nanoparticles of Claim 253 wherein, each of the recognition 
oligonucleotides comprises a Spacer portion and a recognition portion, the spacer portion 
being designed so that it is boqnd to the nanoparticles, the recognition portion having a 
sequence complementary to at least one portion of the sequence of a nucleic acid or another 
oligonucleotide. \ 

255. The nanoparticles of Claim 254 wherein the spacer portion has a moiety 
covalently bound to it, the moiety comprising a functional group through which the spacer 
portion is bound to the nanoparticles. \ • 

256. The nanoparticles of Claim 254ywherein the spacer portion comprises at least 
about 10 nucleotides. \ 

257. The nanoparticles of Claim 256 whetein the spacer portion comprises from 
about 1 0 to about 30 nucleotides. \ 

258. The nanoparticles of Claim 254 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 

259. The nanoparticles of Claim 253 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 10 picomoles/cm 2 . 
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2&Q. The nanoparticles of Claim 259 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 15 picomoles/cm 2 . 

261 . TTae nanoparticles of Claim 260 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from about 1 5 picomoles/cm 2 to about 40 
picomoles/cm 2 . 

262. The nanoparticles of Claim 254 wherein the diluent oligonucleotides contain 
about the same number oX nucleotides as are contained in the spacer portions of the 
recognition oligonucleotides. 

263. The nanoparticles V Claim 262 wherein the sequence of the diluent 
oligonucleotides is the same as n^at of the spacer portions of the recognition 
oligonucleotides. 

264. The nanoparticles of Claim \53 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

265. The nanoparticles of Claim 264 wM^rein the nanoparticles are gold 
nanoparticles. 

266. A method of detecting aiitfcteic'&cid comprising: 

contacting the nucleic acid with aNeast one type of nanoparticle-oligonucleotide 
conjugates according to any one of Claims 237-242 Vnder conditions effective to allow 
hybridization of the oligonucleotides o^the^ with the nucleic acid; and 

observing a detectable change brought about^y hybridization of the oligonucleotides 
on the nanoparticles with the nucleic acid. 
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267. A method of detecting anucleic acid comprising: 

contacting the nucleic acid with at least one type of nanoparticles according to any 
one of Claims 243-265 under conditions effective to allow hybridization of at least one of 
the types of recognition oligonucleotides oathe nanoparticles with the nucleic acid; and 

observing a detectable change brought about by hybridization of the recognition 
oligonucleotides with the nucleic acid. 

268. A method of detecting a nucleic acid having at least two portions comprising: 
providing a type of nanoparticle-oligonucleotide conjugates according to any 

one of Claims 237-242, the oligonucleotides on each nanoparticle having a sequence 
complementary to the sequence of at least two portions of the nucleic acid; 

contacting the nucleic acid and&ie conjugates under conditions effective to 
allow hybridization of the oligonucleotides (jon^th^ nanoparticles with the two or more 
portions of the nucleic acid; and 

observing a detectable chanltf^broiight \about by hybridization of the 
oligonucleotides on the nanoparticles with the Vucleictecic 

269. A method of detecting a nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least two types of nanoparticle- 

oligonucleotide conjugates according to any one of Claims 237-240, the oligonucleotides on 
the nanoparticles of the first type of conjugates having a sequence complementary to a first 
portion of the sequence of the nucleic acid, the oligonucleotides on the nanoparticles of the 
second type of conjugates having a sequence complementary to a second portion of the 
sequence of the nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with the nucleic acid; and 

observing a detectable change brought about \by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. \ 
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270. The method of Clair^ 269 wherein the contacting conditions include freezing 
and thawing. 

27 1 . The method of Claim 26<Wierein the contacting conditions include heating. 

272. The method of Claim 269 ^herein the detectable change is observed on a 
solid surface. 

273. The method of Claim 269 wher^jn the detectable change is a color change 
observable with the naked eye. 

274. The method of Claim 273 whei^in tl\e color change is observed on a solid 
surface. 

275. The method of Claim 269 whe^uMh^napoparticjes are metal nanoparticles 
or semiconductor nanoparticles. 

276. The method of Claim 269 wherein the nanAparticles are gold nanoparticles. 

277. The method of Claim 269 wherein the oligonucleotides attached to the 
nanoparticles are labeled on their ends not attached to the nanoparticles with molecules that 
produce a detectable change upon hybridization of the oligonucleotides on the nanoparticles 
with the nucleic acid. 

278. The method of Claim 277 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides attached\to the nanoparticles are 
labeled with fluorescent molecules. 
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279. The method of Claim 269 wherein: 

the nucleic acid has a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion bf the nucleic acid, the contacting taking place 
under conditions effective to allow hybridization of the filler oligonucleotide with the nucleic 
acid. 

280. The method of Claim 269 whereih the nucleic acid is viral RNA or DNA. 

28 1 . The method of Claim 269 wherein the nucleic acid is a gene associated with 
a disease. 

282. The method of Claim 269 wherein thk nucleic acid is a bacterial DNA. 

283 . The method of Claim 269 whojeirfthe $ucle|c acid is a fungal DNA. 

284. The method of Claim 269 wherein the Aucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

285. The method of Claim 269 wherein the nu\cleic acid is from a biological 

source. 



286. The method of Claim 269 wherein the nu]pleic acid is a product of a 
polymerase chain reaction amplification. 
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287. The method of Claim 269 wherein the nucleic acid is contacted with the first 
and second types of conjugatesNsimultaneously. 

288. The method of Claim 269 wherein the nucleic acid is contacted and 
hybridized with the oligonucleotides <S»n the nanoparticles of first type of conjugates before 
being contacted with the second type of conjugates. 

289. The method of Claim 288 \vherein the first type of conjugates is attached to 
a substrate. 

290. The method of Claim 269 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the\nanoparticles results in the production of a 
triple-stranded complex. 

29 1 . A method of detecting a nuclei^acid haviWatleast two portions comprising: 
providing a type of nanoparticies^e^rding to any one of Claims 243-252 

having recognition oligonucleotides attached thereto^ theVecognition oligonucleotides on 
each nanoparticle comprising a sequence complementary to the sequence of at least two 
portions of the nucleic acid; 

contacting the nucleic acid and the nanop^ticles under conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles with the two or more 
portions of the nucleic acid; and 

observing a detectable change brought ab<Jut by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 

292. A method of detecting nucleic acid having at least t^o portions comprising: 
contacting the nucleic acid with at least two types of nanoparticles according 

to any one of Claims 243-250 having recognition oligonucleotides^attached thereto, the 
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recognition oligonucleotides on the\first type of nanoparticles comprising a sequence 
complementary to a first portion of the sequence of the nucleic acid, the recognition 
oligonucleotides on the second type of nanoparticles comprising a sequence complementary 
to a second portion of the sequence of the nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the recognition oligonucleotides on the 
nanoparticles with the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanopartides with the nucleic acid. 

293 . The method of Claim 292 whereii\ the contacting conditions include freezing 
and thawing. 



294. The method of Claim 292 wherein the contacting conditions include heating 



295. The method of Claim 292 where, 
solid surface. 

296. The method of Claim 292 when 
observable with the naked eye. 




table change is observed on a 



ble change is a color change 



297. The method of Claim 296 wherein the color change is observed on a solid 



surface. 



298. The method of Claim 292 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 



299. The method of Claim 298 wherein the nanopartides are made of gold. 
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300. The method of ClaJpi 292 wherein the recognition oligonucleotides attached 
to the nanoparticles are labeled on tlieir ends not attached to the nanoparticles with molecules 
that produce a detectable change \}pon hybridization of the oligonucleotides on the 
nanoparticles with the nucleic acid. 

301. The method of Claim ^300 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides attached to the nanoparticles are 
labeled with fluorescent molecules. 



302. The method of Claim 292 whVrein: 
the nucleic acid has a third portion located between the first and second 

portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion ot the nucleic acid; and 

the nucleic acid is further conlaC!8(Hvith a filler oligonucleotide having a 
sequence complementary to this third portioii of the ki&leic acid, the contacting taking place 
under conditions effective to allow hybridization of th$ filleLoligonucleotide with the nucleic 
acid. 

303. The method of Claim 292 Wherein the nl^deic acid is viral RNA or DNA. 

i \ 

304. The method of Claim 292 wherein the nuc\eic acid is a gene associated with 
a disease. 

305. The method of Claim 292 wherein the nucleilp acid is a bacterial DNA. 



306. The method of Claim 292 wherein the nucleic acid is a fungal DNA. 
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307. The method of Claim 29z wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. \ 

308. The method of Claim 292 Wherein the nucleic acid is from a biological 
source. I 

309. The method of Claim 292 wherein the nucleic acid is a product of a 
polymerase chain reaction amplification. \ 

3 1 0. The method of Claim 292 wherein the nucleic acid is contacted with the first 
and second types of nanoparticles simultaneously. 

311. The method of Claim 292 wherein the nucleic acid is contacted and 
hybridized with the oligonucleotides on the first jfype of nanoparticles before being contacted 
with the second type of nanoparticles. | 

312. The method of Claim 3 1 1 whereiA the nrst type of nanoparticles is attached 
to a substrate. \ 

313. The method of Claim 292 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. 1 

314. A method of detecting a nucleic acid having at least two portions comprising: 
providing a type of nanoparticles accordinglto any one of Claims 253-265 

having recognition oligonucleotides attached thereto, the recognition oligonucleotides on 
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each nanoparticle comprising a sequence complementary to the sequence of at least two 
portions of the nucleic acid; \ 

contacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the recognition oligonucleotides on the nanoparticles with the two 
or more portions of the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 

315. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least two types of nanoparticles according 

to any one of Claims 253-263 having recognition oligonucleotides attached thereto, the 
recognition oligonucleotides on the first tyroe of nanoparticles comprising a sequence 
complementary to a first portion of the sequence of the nucleic acid, the recognition 
oligonucleotides on the second type of nanoparticles comprising a sequence complementary 
to a second portion of the sequence of the nudek^acid, the contacting taking place under 
conditions effective to allow hybridizaticmr of mk recognition oligonucleotides on the 
nanoparticles with the nucleic acid; and j\ 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 

3 1 6. The method of Claim 3 1 5 wherein the contacting conditions include freezing 
and thawing. \ 

3 1 7. The method of Claim 3 1 5 wherein the contacting conditions include heating. 

318. The method of Claim 315 wherein the detectable change is observed on a 
solid surface. \ 
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3 1 9. The method of Cl\im 3 1 5 wherein the detectable change is a color change 
observable with the naked eye. 



320. The method of Claim B 19 wherein the color change is observed on a solid 



surface. 



321 . The method of Claim 3 1 3[ wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

322. The method of Claim 321 ^herein the nanoparticles are made of gold. 

323 . The method of Claim 3 1 5 wherein the recognition oligonucleotides attached 
to the nanoparticles are labeled on their ends ndt attached to the nanoparticles with molecules 
that produce a detectable change upon hybridisation of the recognition oligonucleotides on 
the nanoparticles with the nucleic acid. 

324. The method of Claim 323 Avh^reik the nanoparticles are metallic or 
semiconductor nanoparticles and the redognitrbnW attached to the 
nanoparticles are labeled with fluorescent mpled^es. 



325. The method of Claim 3 1 5 wherein: 

the nucleic acid has a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleicacid, the contacting taking place 
under conditions effective to allow hybridization of the filler Oligonucleotide with the nucleic 
acid. 
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326. The method of ClaiJki 3 1 5 wherein the nucleic acid is viral RNA or DNA. 

327. The method of Claim ^ 1 5 wherein the nucleic acid is a gene associated with 
a disease. 

328. The method of Claim 3 1 ^ wherein the nucleic acid is a bacterial DNA. 

329. The method of Claim 3 1 5 wherein the nucleic acid is a fungal DNA. 

330. The method of Claim 315 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 



331. The method of Claim 315/wherein\the nucleic acid is from a biological 



source. 



332. The method of Claim 315 wherejn the nucleic acid is a product of a 
polymerase chain reaction amplification. 

333. The method of Claim 315 wherein the Nucleic acid is contacted with the first 
and second types of nanoparticles simultaneously. 

334. The method of Claim 315 wherein \Ae nucleic acid is contacted and 
hybridized with the recognition oligonucleotides on the i^rst type of nanoparticles before 
being contacted with the second type of nanoparticles. 



335. The method of Claim 334 wherein the first tyfte of nanoparticles is attached 
to a substrate. 
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336. The method of Craim 315 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. \ 

337. A method of detecting a nucleic acid having at least two portions comprising: 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic\acid bound to the substrate with a first type of 
nanoparticle-oligonucleotide conjugates according to any one of Claims 237-240, at least one 
of the types of oligonucleotides attached to\the nanoparticles of the conjugates having a 
sequence complementary to a second portiqn of the sequence of said nucleic acid, the 
contacting taking place under condition^eShctive to allow hybridization of the 
oligonucleotides attached to the nanoparticles oVtha conjugates with said nucleic acid; and 

(c) observing a detectable ohange\J^ 

338. The method of Claim 337 further comprising: 

(d) contacting the first type of nanoparticle-oligonucleotide conjugates bound 
to the substrate with a second type of nanoparticle-ougonucleotide conjugates according to 
any one of Claims 237-240, at least one of the types of oligonucleotides attached to the 
nanoparticles of the second type of conjugates having a sequence complementary to the 
sequence of one of the types of oligonucleotides attached to the nanoparticles of the first type 
of conjugates, the contacting taking place under conditions effective to allow hybridization 
of the oligonucleotides attached to the nanoparticles of the first and second types of 
conjugates; and \ 

(e) observing the detectable change. \ 
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339. The method of ClairA 338 wherein at least one of the types of oligonucleotides 
on the nanoparticles of the first type of conjugates has a sequence complementary to the 
sequence of at least one of the type&of oligonucleotides on the nanoparticles of the second 
type of conjugates and the method further comprises: 

(f) contacting the second type of conjugates bound to the substrate with the 
first type of conjugates, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles of the first and second types of 
conjugates; and \ 

(g) observing the detectable change. 

340. The method of Claim 339 wheiein step (d) or steps (d) and (f) are repeated one 
or more times and the detectable change is observed. 

341 . The method of Claim 337 further comprising: 

(d) providing a type of biprnng^ oligonucleotides having a sequence 
comprising at least two portions, the first portion berng complementary to at least one of the 
types of oligonucleotides attached to thefbanopakiglWof the first type of conjugates; 

(e) contacting the bindin^li^OTucledtides with the first type of conjugates 
bound to the substrate, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the nanoparticles 
of the first type of conjugates; \ 

(f) providing a second type of nanpparticle-oligonucleotide conjugates 
according to any one of Claims 237-240, at least oVie of the types of oligonucleotides 
attached to the nanoparticles of the second type of conjugates having a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of conjugates, the contacting taking place under conditions effective to allow 
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hybridization of the oligonucleotides attached to the nanoparticles of the second type of 
conjugates with the binding oligonucleotides; and 

(h) observing ttte detectable change. 

342. The method of Claim 341 further comprising: 

(i) contacting the second type of conjugates bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the nanoparticles 
of the second type of conjugates; \ 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of conjugates, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles of the first type of conjugates with 
the binding oligonucleotides; and 

(k) observing the detectablexhWV 

343. The method of Claim 342 wHErein Steps (e) and (g) or steps (e), (g), (i) and (j) 
are repeated one or more times, and the detectablachange is observed. 

344. The method of Claim 337 wherein tha substrate is a transparent substrate or 
an opaque white substrate. \ 

345. The method of Claim 344 wherein the detectable change is the formation of 
dark areas on the substrate. \ 

346. The method of Claim 337 wherein the nanoparticles of the conjugates are 
metal nanoparticles or semiconductor nanoparticles. \ 
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347. The method of Claim 346 wherein the nanoparticles of the conjugates are 
made of gold or silver. 

348. The method of Claim 337 wherein the substrate has a plurality of types of 
oligonucleotides attached to it iman array to allow for the detection of multiple portions of 
a single nucleic acid, the detectiomof multiple different nucleic acids, or both. 

349. The method of Claim 3£7 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

350. The method of Claim 348 ^herein the substrate is contacted with silver stain 
to produce the detectable change. 



35 1 . The method of Claim 
optical scanner 




wherein the detectable change is observed with an 



352. The method of Claim 351 wherein the device is a flatbed scanner. 



353. The method of Claim 351 wherein the scanner is linked to a computer loaded 
with software capable of calculating greyscale measurements, and the greyscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic acid 
detected. 



354. The method of Claim 337 wherein the oligonucleotides attached to the 
substrate are located between two electrodes, the nanoparticles of the conjugates are made 
of a material which is a conductor of electricity, and the detectable change is a change in 
conductivity. 
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355. The method of Claim 354 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. \ 

356. The method of Claini354 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

357. The method of Claim 348 wherein each of the plurality of oligonucleotides 
attached to the substrate in the array is ld&ated between two electrodes, the nanoparticles are 
made of a material which is a conductor ofi electricity, and the detectable change is a change 
in conductivity. \ 

358. The method of Claim 357 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. \ 

359. The method of Claim 357 whereMthe substrate is contacted with silver stain 
to produce the change in conductivity. 

360. A method of detecting a nucleic acid having at least two portions comprising: 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic acid, the contacting taking blace under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles according to any one of Claims 243-250 having one or more types of 
recognition oligonucleotides attached thereto, at least onA of the types of recognition 
oligonucleotides comprising a sequence complementary to a sefcond portion of the sequence 
of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with said nucleic acid; and 
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(c) observing a detectable change. 

361 . The methodW Claim 360 further comprising: 

(d) contactingVhe first type of nanoparticles bound to the substrate with a 
second type of nanoparticles according to any one of Claims 243-250 having recognition 
oligonucleotides attached thereto, at least one of the types of recognition oligonucleotides 
on the second type of nanoparticles comprising a sequence complementary to the sequence 
of one of the types of oligonucleotides on the first type of nanoparticles, the contacting taking 
place under conditions effective to akow hybridization of the oligonucleotides on the first 
and second types of nanoparticles; anay 

(e) observing the detectable change. 

362. The method of Claim 360 therein at least one of the types of recognition 
oligonucleotides on the first type of nan#3arti^es has a sequence complementary to the 
sequence of at least one of the types of ofigoifocleMid^on the second type of nanoparticles 
and the method further comprises: L^A\ 

(f) contacting the second troe of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting takingWace under conditions effective to allow 
hybridization of the oligonucleotides on the first tod second types of nanoparticles; and 

(g) observing the detectable change\ 

363. The method of Claim 362 wherein step (d)or steps (d) and (f) are repeated one 
or more times and the detectable change is observed. \ 

3 64. The method of Claim 3 60 further comprising: 

(d) providing a type of binding oligonucleotides having a sequence 
comprising at least two portions, the first portion being complementary to at least one of the 
types of oligonucleotides on the first type of nanoparticles; \ 
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(e) contacting thefoinding oligonucleotides with the first type of nanoparticles 
bound to the substrate, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the first type of 
nanoparticles; 

(f) providing a second\type of nanoparticles according to any one of Claims 
243-250 having recognition oligonucleotides attached thereto, at least one of the types of 
recognition oligonucleotides on the second type of nanoparticles comprising a sequence 
complementary to the second portion onthe sequence of the binding oligonucleotides; 

(g) contacting the binding\oligonucleotides bound to the substrate with the 
second type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the second type of nanoparticles with the binding 
oligonucleotides; and 

(h) observing the detectable cl 

365. The method of Claim 364 fiJ^ertepmfidsing: 

(i) contacting the second typ^^anpparacles bound to the substrate with the 
binding oligonucleotides, the contacting takipg place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the second type 
of nanoparticles; 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of nanoparticles, the contacting taking place unaer conditions effective to allow 
hybridization of the oligonucleotides on the first type of nanoparticles with the binding 
oligonucleotides; and 

(k) observing the detectable change. 



366. The method of Claim 365 wherein steps (e) and (g) or steps (e), (g), (i) and (j) 
are repeated one or more times, and the detectable change is observed. 
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367. The method ofpaim 360 wherein the substrate is a transparent substrate or 
an opaque white substrate. 

368. The method of Clai^i 367 wherein the detectable change is the formation of 
dark areas on the substrate. 

369. The method of Claim 3^0 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

370. The method of Claim 36^ wherein the nanoparticles are made of gold or 

silver. 

37 1. The method of Claim 360 whWgin4he substrate has a plurality of types of 
oligonucleotides attached to it in an arraY/to allow fdr the detection of multiple portions of 
a single nucleic acid, the detection of multiple aifferghHiucleic acids, or both. 

372. The method of Claim 360 ^herein t^e substrate is contacted with silver stain 
to produce the detectable change. 

373. The method of Claim 371 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

375. The method of Claim 360 wherein the det^ptable change is observed with an 
optical scanner 

376. The method of Claim 375 wherein the device iV a flatbed scanner. 



217 




4149-1-1-1-1 



377. The method of Claim 375 wherein the scanner is linked to a computer loaded 
with software capable of calculating greyscale measurements, and the greyscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic acid 
detected. \ 

378. The method of Claim B60 wherein the oligonucleotides attached to the 
substrate are located between two electrooes, the nanoparticles are made of a material which 
is a conductor of electricity, and the detectable change is a change in conductivity. 

379. The method of Claim 378 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. \ 

3 80. The method of Claim 378 whfe&iA the substrate is contacted with silver stain 
to produce the change in conductivity. ft \ )^ 

381 . The method of Claim 371 whefein each of the plurality of oligonucleotides 
attached to the substrate in the array is located between two electrodes, the nanoparticles are 
made of a material which is a conductor of electricity, and the detectable change is a change 
in conductivity. \ 

382. The method of Claim 381 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. \ 

383. The method of Claim 381 wherein the substrate\s contacted with silver stain 
to produce the change in conductivity. \ 

3 84. A method of detecting a nucleic acid having at least Wo portions comprising: 



218 




(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic acid, theycontacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles according to any one ofVClaims 253-263 having one or more types of 
recognition oligonucleotides attached thqreto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementary to a second portion of the sequence 
of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the recognition oligonucleotiaes on the nanoparticles with said nucleic acid; 
and \ 

(c) observing a detectable change. 

385. The method of Claim 384 further comprising: 

(d) contacting the first type m nanoparticles bound to the substrate with a 
second type of nanoparticles according to any one\of ^CJakrfs 253-263having recognition 
oligonucleotides attached thereto, at least ofte^oflfie\types\of recognition oligonucleotides 
on the second type of nanoparticles comprising a sequence jcomplementary to the sequence 
of one of the types of oligonucleotides on the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles; and \ 

(e) observing the detectable change. \ 

386. The method of Claim 385 wherein at least one of the types of recognition 
oligonucleotides on the first type of nanoparticles comprises a sequence complementary to 
the sequence of at least one of the types of oligonucleotiaes on the second type of 
nanoparticles and the method further comprises: \ 
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(f) contacting the second type of nanoparticles bound to the substrate with the 
first type of nanoparticles, me contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 

(g) observing the\detectable change. 

387. The method of Claim 386 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the detectable change is observed. 

388. The method of Claim 384 further comprising: 

(d) providing a type oft binding oligonucleotides having a sequence 
comprising at least two portions, the first portion being complementary to at least one of the 
types of oligonucleotides on the first type ofinanoparticles; 

(e) contacting the binding oligonwleorides with the first type of nanoparticles 
bound to the substrate, the contacting takma place under conditions effective to allow 
hybridization of the binding oligonucleotides with thekig5nucleotides on the first type of 
nanoparticles; V \ 

(f) providing a second type ofinanoparticles according to any one of Claims 
253-263having recognition oligonucleotides attached thereto, at least one of the types of 
recognition oligonucleotides on the second type onnanoparticles comprising a sequence 
complementary to the second portion of the sequenceW the binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of nanoparticles, the contacting taking placeWder conditions effective to allow 
hybridization of the oligonucleotides on the second typeW nanoparticles with the binding 
oligonucleotides; and \ 

(h) observing the detectable change. . \ 

389. The method of Claim 388 further comprising: \ 
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(i) contacting the second type of nanoparticles bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the second type 
of nanoparticles; 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on theYirst type of nanoparticles with the binding 
oligonucleotides; and 

(k) observing the detectable charige. 



390. The method of Claim 389 wherein steps (e) and (g) or steps (e), (g), (i) and G) 
are repeated one or more times, and the detectable \hange is observed. 

391. The method of Claim 384 wherein the sijbStr^te is a transparent substrate or 
an opaque white substrate. 

392. The method of Claim 391 wherein t^d€t^ctab l }e change is the formation of 
dark areas on the substrate. 



393. The method of Claim 384 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

394. The method of Claim 393 wherein the nanoparticles are made of gold or 

silver. 

395. The method of Claim 384 wherein the substrate hW a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acias, or both. 
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396. The method of Claim 384 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

372. The method of ClaiA* 395 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

398. The method of Claim 38ty wherein the detectable change is observed with an 
optical scanner 

399. The method of Claim 398 whWein the device is a flatbed scanner. 



400. The method of Claim 398 whetein the scanner is linked to a computer loaded 
with software capable of calculating grayscale measurements, and the grayscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic acid 
detected. 




401. The method of Claim 384 wfyereiVffie ribonucleotides attached to the 
substrate are located between two electrodes, thfe nanbparticjes are made of a material which 
is a conductor of electricity, and the detectable change is a change in conductivity. 



402. The method of Claim 401 wherein the qjectrodes are made of gold, and the 
nanoparticles are made of gold. 

403 . The method of Claim 40 1 wherein the subsVate is contacted with silver stain 
to produce the change in conductivity. 



404. The method of Claim 397 wherein each of the\plurality of oligonucleotides 
attached to the substrate in the array is located between two electrodes, the nanoparticles are 
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made of a material which is a conductor of electricity, and the detectable change is a change 
in conductivity. 

405. The method of Claim 4\)4 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 

406. The method of Claim 404 v^ierein the substrate is contacted with silver stain 
to produce the change in conductivity. 

407. A method of detecting a nucleid acid having at least two portions comprising: 

(a) contacting the nucleic acick with a substrate having oligonucleotides 
attached thereto, the oligonucleotides being located between a pair of electrodes, the 
oligonucleotides having a sequence complementamo a first portion of the sequence of said 
nucleic acid, the contacting taking place under conditions effective to allow hybridization of 
the oligonucleotides on the substrate with said nuqleic acid; 

(b) contacting said nucleic acid ^ArKftdithe substrate with a first type of 
nanoparticles, the nanoparticles being made ofia material which can conduct electricity, the 
nanoparticles having one or more types of oligonucleotide^ attached thereto, at least one of 
the types of oligonucleotides having a sequence complementary to a second portion of the 
sequence of said nucleic acid, the contacting taking place undeincShditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with said nucleic acid; and 

(c) detecting a change in conductivity. 

408. The method of Claim 407 wherein the substrate has a plurality of pairs of 
electrodes located on it in an array to allow for the detection of multiple portions of a single 
nucleic acid, the detection of multiple different nucleic aci<|s, or both, each of the pairs of 
electrodes having a type of oligonucleotides attached to the substrate between them. 
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409. The method of Claim\407 wherein the nanoparticles are made of metal. 

410. The method of Claim 4fl7 wherein the nanoparticles are made of gold or 



silver. 



411. The method of Claim 407 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 




412. The method of Claim 407 further comprising: 

(d) contacting the first type of nanoparticles bound to the substrate with a 
second type of nanoparticles, the nanoparticles\being made of a material which can conduct 
electricity, the nanoparticles having oligonucleotides attached thereto, at least one of the 
types of oligonucleotides on the second type/of nanoparticles comprising a sequence 
complementary to the sequence of one of the tiypes of oligonucleotides on the first type of 
nanoparticles, the contacting taking place und£ r x^Hditiins effective to allow hybridization 
of the oligonucleotides on the first and second types of nanoparticles; and 

(e) detecting the change in conductivity. \ 

413. The method of Claim 412 wherein at least one of the types of oligonucleotides 
on the first type of nanoparticles has a sequence complementary to the sequence of at least 
one of the types of oligonucleotides on the second tyue of nanoparticles and the method 
further comprises: \ 

(f) contacting the second type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place un^er conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 

(g) detecting the change in conductivity. 
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414. The method of Claim 413 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the change in conductivity is detected. 



415 The method of Claim 407 fui^her comprising: 

(d) contacting the first type ofrianoparticles bound to the substrate with an 
aggregate probe having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being made of a material which can conduct electricity, at least one of the types of 
oligonucleotides on the aggregate probe comprising a sequence complementary to the 
sequence of one of the types of oligonucleotides on the first type of nanoparticles, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the aggregate probe with the\ oligonucleotides on the first type of 
nanoparticles; 

f 

(e) and detecting the change in conductivit 



416. A method of detecting nucleic aGikiiaving atjleast two portions comprising: 
(a) contacting a nucleic acid with a substrate haying oligonucleotides attached 
thereto, the oligonucleotides being located between a painof electrodes, the oligonucleotides 



having a sequence complementary to a first portion of the\sequence of said nucleic acid, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the substrate with said nucleic acid; \ 

(b) contacting said nucleic acid bound to the substrate with an aggregate probe 
having oligonucleotides attached thereto, at least one of the t^pes of oligonucleotides on the 
aggregate probe comprising a sequence complementary to the sequence of a second portion 
of said nucleic acid, the nanoparticles of the aggregate probe bemg made of a material which 
can conduct electricity, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the aggregate probe with the nucleic acid; and 

(c) detecting a change in conductivity. 
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417. A method of detecting^ nucleic acid wherein the method is performed on a 
substrate, the method comprising detecting the presence, quantity, or both, of the nucleic acid 
with an optical scanner. 

418. The method of Claim 417 wherein the device is a flatbed scanner. 



4 1 9. The method of Claim 417 wherein the scanner is linked to a computer loaded 
with software capable of calculating grayscale measurements, and the greyscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic acid 
detected. 



420. The method of Claim 417 whereiiuhe scanner is linked to a computer loaded 

(y \ | 

with software capable of providing an image ofithe ^ubstrate, and a qualitative determination 
of the presence of the nucleic acid, the quantity of tih^nucleic acid, or both, is made. 



42 1 . A kit comprising a container holding nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242. 



422. A kit comprising a container holding nanoparticles according to any one of 
Claims 243-265. 

423. A kit comprising a substrate having attached thereto at least one pair of 
electrodes with oligonucleotides attached to the substratelbetween the electrodes. 



424. The kit of Claim 423 wherein the substrate has a plurality of pairs of 
electrodes attached to it in an array, to allow for the detection of multiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, or both. 
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425. A method of nanofabricatton comprising 

providing at least one type of linking oligonucleotide having a selected 
sequence, the sequence of each type of linlang oligonucleotide having at least two portions; 

providing one or more types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, the oligonucleotides attached to the nanoparticles 
of each of the types of conjugates having a science complementary to the sequence of a 
portion of a linking oligonucleotide; and 

contacting the linking oligonucleotides and conjugates under conditions 
effective to allow hybridization of the oligonucleotides attached to the nanoparticles of the 
conjugates to the linking oligonucleotides so that a desired nanomaterial or nanostructure is 
formed wherein the nanoparticles of the conjugaJes"a^e held together by oligonucleotide 
connectors. 




426. A method of nanofabrication 

providing at least one type d!f linking oligonucleotide having a selected 
sequence, the sequence of each type of linkin Joligorluclekide having at least two portions; 

providing one or more types of nanoparticles according to any one of Claims 
243-265, the recognition oligonucleotides on each of die types of nanoparticles comprising 
a sequence complementary to the sequence of a portion of a linking oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides ^>n the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 
nanoparticles are held together by oligonucleotide connectors. 



427. A method of nanofabrication comprising: 

providing at least two types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, 
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the oligonucleotides attached to the nanoparticles of the first type of 
conjugates having a sequence complementary to that of the oligonucleotides attached to the 
nanoparticles of the second type of conjugates; 

the oligonucleotides attached to the nanoparticles of the second type of 
conjugates having a sequence complementary to that of the oligonucleotides attached to the 
nanoparticles of the first type of conjugates; and 



contacting the first and second types of conjugates under conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles of the conjugates to each 
other so that a desired nanomaterial or nanostructure is formed. 



428. A method of nanofabrication comprising: 

providing at least two types of nanoparticles according to any one of Claims 

243-265, \ 

the recognition oligonucleotides mrffie^fost type of nanoparticles comprising 
a sequence complementary to that of the oligcmifcleotides oh the second of the nanoparticles; 

the recognition oligonucledti'des on the second type of nanoparticles 
comprising a sequence complementary to that of th^pUgenucleotides on the first type of 

nanoparticles; and *\^^ \ \ 

contacting the first and second types of nai^pparticles under conditions 
effective to allow hybridization of the oligonucleotides oh the nanoparticles to each other so 
that a desired nanomaterial or nanostructure is formed. 

429. Nanomaterials or nanostructures composedW nanoparticle-oligonucleotide 
conjugates according to any one of Claims 237-242, the nanoparticles being held together 
by oligonucleotide connectors. 

430. Nanomaterials or nanostructures composed of nanoparticles according to any 
one of Claims 243-265, the nanoparticles being held together by\oligonucleotide connectors. 
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43 1 . A method of separating a selected nucleic acid having at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, the oligonucleotides attached to the nanoparticles 
of each of the types of conjugates having a sequence complementary to the sequence of one 
of the portions of the selected nucleic acid; and 

contacting the nucleic acids and conjugates under conditions effective to 
allow hybridization of the oligonucleotides on the nanoparticles of the conjugates with the 
selected nucleic acid so that the conjugates hybridized to the selected nucleic acid aggregate 
and precipitate. 

432. A method of separating a selecte^nucleicj^Gidnaving at least two portions 
from other nucleic acids, the method compnsii 

providing two or more types of nanopWticleaaccording to any one of Claims 
243-265, the oligonucleotides on each of the typesW nanoparticles having a sequence 
complementary to the sequence of one of the portions of the selected nucleic acid; and 

contacting the nucleic acids and nanoparticles under conditions effective to 
allow hybridization of the oligonucleotides on the nanoparticles with the selected nucleic 
acid so that the nanoparticles hybridized to the selected nucleic acid aggregate and 
precipitate. 
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